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Abstract 
In this paper, the typical structure and operation modes of the super capacitor energy-storage system using in the 
electric driving system is analysed in detail. Following the principle that the volume of the super capacitor is used 
fully, the basic operation modes of the system is determined , and the necessity is analysed that the energy stored into 
the super capacitor is totally generated by the motor during the braking process and the energy consumed during  
discharging is completely from the super capacitor. The running control target of the system is also determined 
according to this principle. On the basis of the analysis of the energy-storage converter working characteristic and the 
regulation of the main parameters, the basic structure and design method of the running controller of the energy-
storage system are determined, and the controller is designed in detail. 
Keyword:Energy-storage, Super capacitor, Energy-storage converter, Running control, Controller . 
1. The basic structure and the running principle of the electric driving energy-storage system 
There are some electric driving systems which need to start and brake frequently, such as  driving 
system on railway vehicle, electric vehicle, electric-driving mine transmission equipment and electric-
driving engineering excavator. If the kinetic energy  from the braking system can be transformed into 
electric energy and be stored, the running energy consumption of the system will be reduced obviously. In 
the right condition, the electric energy generated during the braking of the electric braking system can 
return to the electric grid and then be reused, but if the energy can not return to the electric grid, the 
electric energy generated during the braking process should be stored and the regeneration will be 
realized by releasing the stored energy when the system entered energy driving condition again. At 
present, electric driving energy-storage system mostly  use super capacitor as energy-storage element[1]. 
As AC motors are used in the most electric driving systems, the energy-storage system for AC motor in 
this paper is significant to the motor energy-storage system. Taking the control method of a asynchronous 
dynamo electric driving system drived by inverter for example, the key issues of design of typical super 
capacitor energy-storage system controller is analysed. 
This energy-storage system uses Buck-Boost circuit to realize the storage and release of the energy. 
At present, there are many forms of energy-storage, but most of them are multi-circuits  based on this 
circuit unit, so the content of this paper is typically significant. As the control object in this paper, the 
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main circuit structure of the super capacitor energy-storage system is shown in figure 1. This system 
consists of DC link, motor driver(inverter), motor, energy-storage converter and the buffer link between 
the converter and the DC link. When the motor brakes, the circuit works in the Buck mode, and stores the 
energy transformed by the motor during braking to the super capacitor. If there is electric energy in the 
super capacitor, and the circuit works in the Boost mode when the system enters electric driving condition, 
the energy stored in the super capacitor will be transmitted to the DC link, and be used by the motor, in 
this way, the regeneration of the braking energy is realized. 
Figure 1 . The super capacitor energy-storage system for the electric driving system 
2.  Control modes of the energy-storage converter 
To determine the control modes of the system, it is necessary to analyse the operation characteristics 
of the super capacitor energy-storage system. 
2.1 Control mode of the energy-storage in braking condition
In the whole process of braking, the motor is generating electricity, the motor driver sends current 
which varies continuously to the DC link, so, the motor driving system can be treated as a variable current 
source for the energy-storage system . 
When the electric driving system brakes, the motor is in power-generation condition, electric energy 
is transmitted from the motor driving system to the energy-storage converter system through the buffer 
circuit, the input current depends on the pressure differential between the supporting capacitor C0 in DC 
link and the supporting capacitor Cf in the buffer circuit . In the braking condition, the energy-storage 
converter works in Buck condition, so the current absorbed by the energy-storage system actually 
depends on the pressure differential between Cf and the super capacitor C, and the conduction ratio of the 
Buck circuit. Therefore, by controlling the conduction ratio of the energy-storage converter in Buck 
condition, the current in the buffer link of energy-storage converter can be controlled, and the absorption 
power of the super capacitor can be regulated. 
2.2 Control mode of the energy-release in driving condition 
    When the system enters driving condition, the DC link sends current which varies continuously to the 
motor driver, so similarly, the motor driving system can be treated as a variable current source for the 
energy-storage system .When the energy-storage converter system runs in the electric driving condition, 
electric energy is transmitted from the energy-storage converter to the DC link through buffer circuit, the 
output current depends on the pressure differential between the supporting capacitor C0 in the DC link 
and the supporting capacitor Cf  in the buffer circuit.In braking condition, the converter works in Boost 
condition, so the current of the energy absorbed by the energy-storage system actually depends on the 
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output voltage of the Boost circuit when the voltage of DC link remains unchanged. Obviously, by 
controlling the conduction ratio of the energy-storage converter in Boost condition, the current of 
feedback transmitted from the converter to the DC link can be controlled, and the power of the energy 
released can be regulated. 
3. Principles for the running control of the system 
3.1 Principle of control over the energy-storage converter 
    The main task for the energy-storage system is to realize the storage and release of electric energy, 
which will keep the motor running with low energy consumption, and reduce the influence to the AC 
motor as far as possible. 
    When the system brakes, the motor is generating electricity, the system enters the state of energy-
storage. In this case, the voltage of the supporting capacitor C0 in the DC link is a little higher than the 
supply voltage of the DC link within the range of DC working voltage which is acceptable for the motor 
system, otherwise, in the energy-storage process, the electric energy of the DC electrical source may be 
stored by the super capacitor as renewable electricity. This is because, only when the voltage of DC link 
is higher than the supply voltage, the energy from the supply source can be kept out of the DC link.Only 
in this way, the motor can work normally, and the electric energy transformed during the braking can be 
stored in time, in addition, the energy stored is totally generated by the motor during the generating 
condition. 
    When the motor is in the electric state, the working voltage of the converter should remain the same 
with the voltage in the braking condition, that is, it should be a little higher than the supply voltage of the 
DC source within the range of DC input voltage which is acceptable for the motor driver. Because only in 
this way can the electric energy stored in the capacitor be released as soon as possible, and the super 
capacitor will have enough capacity for the braking energy when the motor brakes again. If the voltage of 
DC link is not higher than the voltage of DC power supply, the electric energy consumed by the motor 
may be partly or totally from the DC source when the super capacitor discharges, so the energy in the 
super capacitor can not be released in time, besides, the capacitance is limited, so the residual capacity of 
the super capacitor may be not enough for the next braking, causing the braking energy unrecyclable.  
    When the energy-storage system runs, it is not necessary to pay too much attention to the stationarity of 
the voltage and the discharging current, as long as the voltage of supporting capacitor in the DC link 
meets the requirement of the motor driver to the DC voltage. Because too much request to the stationarity 
of the charging and discharging current will narrow the working voltage range of the super capacitor and 
largen the inductances in the system, which will enhance the requirement to the volume power of the 
system. 
    Obviously, whether in generating condition or in consuming condition, the voltage of the supporting 
capacitor should be a little higher than the supply voltage of the DC source within the range of voltage 
which is acceptable for the motor driver when the super capacitor energy-storage converter works. In this 
way, the voltage of DC link can meet the working requirement of the AC motor driver in the charging 
process, and the super capacitor will be used reasonably and fully. 
3.2 Principle for the control system of the energy-storage converter in Boost condition 
    Considering the inductance and switch resistance , when the Boost circuit works stably, the relationship 
between working input voltage(the voltage of the super capacitor C)and the output voltage(the voltage of 
the supporting capacitor in the buffer link CF ) is shown as followed: 
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αis the ratio of inductance and switch resistance to the equivalent resistance of the load[2] .
The working characteristic of BOOST circuit considering αis shown in figure 2. 
1032  Jisheng Hu et al.\ / Energy Procedia 14 (2012) 1029 – 10344 Author ame / Energy Procedia 00 (2011) 000–000 
Obviously, there is an inflection point in the the step-up ratio curve as the conduction ratio 
increases ,when the conduction ratio is larger than the value of the inflection point, the output voltage of 
the Boost circuit decreases as the conduction ratio increases. So when designing the control system, the 
conduction ratio of the system should be lower than the value of the inflection point, because once the 
conduction ratio reaches the inflection point, the system will enter an unstable condition if it runs 
according to the original control law. This must be considered when designing the control algolithm. 
Figure 2 . Working characteristic of BOOST circuit considering α
4.  Design of the system controller 
4.1 Design of the controller for the charging system 
    When the system is in braking condition, the energy-storage converter works in Buck mode, the 
relationship between the input current in the converter and the conduction ratio is shown as followed. 
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In the equation, R is the equivalent resistance of the load, Rb is the resistance of the super capacitor, Rs is
the internal resistance of the converter, D is the conduction ratio. 
    The output voltage of the converter increases monotonously as the conduction ratio increases, in the 
design of the system, the double close-loop system of voltage and current can ensure that the stable 
voltage value of the supporting capacitor in the DC link is a little higher than the supply voltage of the 
DC link. It is an example of control system designed according to this principle in figure3. 
4.2 Design of the controller for discharging system 
    In the process of discharging, capacitor CF in the buffer link is actually an output  voltage-regulation 
capacitor of the Boost circuit. As the super capacitor has a large capacity,  the voltage of the super 
capacitor changes slowly in the process of modulation. For the voltage-regulation control of the 
supporting capacitor in the DC link, the super capacitor is equivalent to a voltage source in a short time, 
so the current in the inductance LF can be controlled effectively by regulating the output voltage of the 
Boost circuit, that is, the voltage of the supporting capacitor in the buffer link, and in this way, control 
over the voltage of the supporting capacitor in the DC link can be realized.
    There are two factors impact the voltage of the supporting capacitor in the DC link, one is the current 
in the load, the other one is the discharging current, the voltage will be stable only when this two factors 
are balanced. 
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    Obviously, when the voltage of the DC link is relatively stable, the discharging current of the system 
changes monotonously as the voltage of the supporting capacitor in the buffer link changes, the voltage 
change of the supporting capacitor CF in the buffer link is also monotonous as the conduction ratio 
changes within the inflection point. So by regulating the conduction ratio, the voltage of the supporting 
capacitor CF and the current in the inductance in the buffer link can be controlled, as a result, control over 
the voltage of the supporting capacitor C0 in the DC link is realized. 
    When the system is running, if the current in LF which corresponds to the maximum discharging 
current is lower than the current in the load, the supporting capacitor C0 will supply electricity to the load, 
at the same time, the voltage will decrease, until the voltage of C0 is lower than the voltage of the DC 
source. In this case, the load is supplied not only by the DC source but also by the energy-storage 
converter, the conduction ratio of the Boost circuit is to the limit within the inflection point. 
In the normal working range, the lower the minimum voltage of the super capacitor gets, the higher the 
utilization of the converter will be. [3] When the voltage of the super capacitor is low, the conduction ratio 
of the converter is relatively large, so, to avoid to get into the instable area of the BOOST circuit, the 
maximum conduction ratio of the control system output should be limited.Once the conduction ratio gets 
bigger than the inflection value of the Boost converter, the system will be out of control, so there must be 
a saturation area for the controller conduction ratio output, to restrict the maximum conduction ratio, and 
keep the converter in control. It is an example of control system designed according to this principle in 
figure 4. 
Figure 3. Structure and parameters of the converter controller in the charging process 
Figure 4 . Structure and parameters of the converter controller in the discharging process 
    According to the principles above, a specific controller for the following system is designed.The basic 
parameters are shown as followed: 
    The motor ratings of the three-phase asynchronous motor: 575V，150KW，60HZ，2 pole-pairs; 
    In generation condition:working frequency f=60Hz, slip ratio s=-0.5%, AC voltage u=530V; 
In electric condition: working frequency f=60Hz, slip ratio s=0.5%, AC voltage u=530V; 
Converter: L=0.45mH，C=24F，CF=100μF,LF=0.1mH; 
The supporting capacitor in the DC link: C0=2200μF;    
 Voltage of the DC source: DC750V; 
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Target voltage of the supporting capacitor during charging or discharging: DC850V 
The initial voltage of the super capacitor before charging:300V; 
The initial voltage of the super capacitor before discharging:600V; 
The structure and parameters of the converter designed is shown as followed: 
The structure and parameters of the converter controller when the super capacitor stores energy is 
shown in figure 3. 
The structure and parameters of the converter controller when the super capacitor releases energy is 
shown in figure 4. 
The  simulation result of running  is shown in figure 5, which indicates that the converter designed in 
the way above can make sure that the voltage of the supporting capacitor in the DC link can work stably 
at the rated value of the motor system. 
Figure 5. Simulation result of the converter working process 
5.  Conclusion 
    In this paper, the running modes of the super capacitor energy-storage system is analyzed, it is 
determined that the voltage of the system control target in the DC link should be constant, and this 
voltage should be a little higher than the voltage of the DC link within the allowable value of the motor 
controller when the energy-storage system runs, only in this way can the capacity of the super capacitor 
be used fully. 
Base on the analysis of the character of the energy-storage system, the design method of the controller 
is determined to use double close-loop system of voltage and current to control the system. According to 
this method, the controller can keep the energy-storage system in control when it releases energy. This 
controller can meet the operation requirements of the system. 
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